We report a case of an infusion of intra-aortic propofol after the missed inadvertent placement of a central venous catheter into the right common carotid artery. Radiological imaging revealed bilateral ischaemic infarcts in the posterior fossa and right cerebral artery territories consistent with an embolic source. The potential causes of the neurological injuries sustained in this case are explored. Discussion focuses on the sequelae, management and prevention of an iatrogenic carotid artery injury from a central venous catheter insertion. Finally, we propose an algorithm for management of iatrogenic carotid artery cannulation.
We report a case of intra-aortic infusion of propofol after inadvertent right common carotid artery cannulation during attempted central venous catheter (CVC) insertion. The patient sustained a severe neurological injury. We discuss the potential sequelae of inadvertent carotid artery cannulation with a focus on the prevention and management of this complication. In addition, we explore the causes of the specific neurological injuries sustained in this case.
CASE PRESENTATION
An 82-year-old female presented for an aortic valve replacement and coronary artery bypass grafting after admission for a non-ST-segment elevation myocardial infarction and severe symptomatic aortic stenosis. There was no history of diabetes mellitus or cerebral vascular disease. Preoperative transthoracic echocardiography revealed a calcified tri-leaflet aortic valve with an effective valve area of 0.6 cm 2 ; peak and mean aortic gradients were 55 mm and 40 mm, respectively. There was moderate atheroma in the distal aortic arch and proximal descending aorta. There was no patent foramen ovale detected on colour flow Doppler inspection. Preoperative biochemistry and haematology were all within normal limits.
After placement of a radial arterial line, and prior to induction of anaesthesia, the patient was placed in the Trendelenburg position for the insertion of central venous and pulmonary artery catheters. An advanced anaesthesia trainee performed the catheter insertion. Direct consultant supervision of the procedure was not provided, as the trainee was experienced with the technique. Real-time ultrasonographic (US) guidance allowed visualisation of the right internal jugular vein, which was normal in size and anatomically located anterior and lateral to the carotid artery. A classical central approach allowed insertion of the introducer needle at the angle between the sternal and clavicular heads of the sternocleidomastoid muscle, with the clavicle at the base. Using continuous US guidance, a 5 ml syringe attached to an 18-G needle was advanced under direct vision toward the vein. When the needle entered the vein, venous blood was easily aspirated. Without disconnecting the needle from the syringe, a J-wire configured guide-wire was inserted through the syringe and needle, with the J-wire bend going in first. A second wire was inserted proximal to the first using the same technique for the venepuncture, also under real-time US guidance. Ultrasound confirmed that both wires were present in the vein. A semi-rigid tissue dilator was then advanced along the proximal guide-wire and after removal of the dilator, a 7-Fr Multi-lumen Central Venous Catheter (Arrow International Inc., Reading, PA, USA) was inserted using Seldinger technique. A separate, semi-rigid tissue dilator was then advanced over the distal guide-wire, allowing the insertion of a 9 French Arrow-Flex® Sheath/Dilator (Arrow International Inc.) through which a pulmonary artery catheter was uneventfully floated. All three lumens of the CVC were primed with saline. Ultrasound imaging was not used to confirm that there were no lines in the carotid artery. The CVC was secured at 16 cm at the skin, then aspirated with what was thought to be venous blood and not transduced. The attending cardiac anaesthetist connected the distal lumen of the CVC to an infusion of 1% propofol, commencing at a rate of 150 mg/hour. Anaesthesia was induced uneventfully via a peripheral intravenous catheter. No infusions were connected to other lumens of the CVC.
A median sternotomy was performed with conventional surgical access to the heart for central cannulation. After careful dissection around the heart and exposure of the aorta, systemic heparinisation was achieved. Prior to cardiopulmonary bypass, a sidebiting clamp was placed on the aorta to facilitate the proximal conduit graft anastomosis. When the 3.5 mm aortic punch was made, a white solution was noted to extrude through the aortotomy. The CVC was directly visualised in the aorta with propofol trickling out of the distal lumen. At this stage, propofol had been infusing for approximately 90 minutes with a total of 20 ml (200 mg) delivered. It became apparent that the CVC had been inadvertently inserted into the aorta via the right carotid artery. The propofol infusion was ceased immediately. As the patient was fully anticoagulated, and with surgical access to the aorta and heart having already commenced, a decision was made to proceed with the operation. The CVC was withdrawn into the carotid artery where it was left in situ until the end of the surgery. The ascending aorta and right atrium were then cannulated in a standard fashion, cardiopulmonary bypass was commenced and the temperature was allowed to drift to 34ºC. The patient underwent uneventful coronary artery bypass grafting and aortic valve replacement with a 19 mm St. Jude Trifecta valve (St. Jude Medical Inc., St Paul, MN, USA). There was short period of hypotension after separation from cardiopulmonary bypass that was managed expectantly with fluid resuscitation and metaraminol (1 mg intravenously). The bispectal index remained between 40 and 60 throughout the case. The total aortic cross clamp time was 136 minutes, and cardiopulmonary bypass time was 144 minutes.
Prior to transfer to the intensive care unit, an ultrasound examination of the neck was performed revealing no localised neck swelling, haematoma or arteriovenous fistula formation. The CVC was removed from the carotid artery with gentle pressure applied over the puncture site for 20 minutes. There was no clinical bleeding or neck swelling and the patient was transferred to the intensive care unit. When sedation was weaned after four hours, the patient was noted to have no lower limb movement and bilateral proximal upper limb weakness. An urgent cerebral computed tomography angiogram revealed an arteriovenous fistula and false aneurysm arising from the proximal right common carotid artery, with a partially calcified stenosis at the origin of the right internal carotid artery causing a 70% luminal narrowing. A subacute infarction in the right cerebellar hemisphere with widespread microvascular ischaemic changes was also observed. There was no evidence of carotid dissection or proximal intracerebral arterial occlusion. The patient was immediately transferred to the operating theatre for a right neck exploration. Punctures on the anterior and posterior surfaces of the internal jugular vein were identified and repaired. A puncture site injury on the anterolateral wall of the right carotid artery was also repaired.
Over the following two days, the patient developed a left sided hemiparesis. A further non-contrast computed tomography brain scan revealed subacute left and right cerebellar cortical infarcts with periventricular chronic ischaemic changes. By the seventh postoperative day, the patient had developed a dense left hemiparesis. Subsequent magnetic resonance imaging showed multiple bilateral sites of ischaemic infarcts, particularly in the posterior fossa and right cerebral artery territories. Both cortical and internal watershed infarcts were evident on the right, which corresponded to the patient's clinical findings. A small cortical watershed infarct was also evident in the posterior cerebral territory on the left side. The proposed distribution of emboli and selected images from the actual patient are presented in Figure 1 . There were multiple foci of high fluid-attenuated inversion recovery images in the cerebral white matter with periventricular confluence, which were nonspecific but likely to be ischaemic and chronic. Magnetic resonance angiography demonstrated no significant stenosis or vascular abnormalities of the major intracranial arteries.
Over the next seven days, the patient gradually regained motor function on the right, but not on the left side. On postoperative day ten, a surgical tracheostomy was performed to facilitate weaning from the ventilator. The patient remained in the intensive care unit for four weeks and her neurological function improved gradually. She was then discharged to the cardiothoracic ward. On postoperative day 55, she was transferred to inpatient rehabilitation where Anaesthesia and Intensive Care, Vol. 42, No. 6, November 2014 she successfully regained near pre-morbid level of independence with her mobility and activities of daily living. She was discharged home for further community rehabilitation two weeks later. This case was reported to the Victorian Consultative Council on Anaesthetic Mortality and Morbidity. Patient consent was obtained for this case report. Written informed consent for this report was obtained not only from the patient, but also from all personnel involved in the CVC insertion and the Chief Medical Officer of the hospital.
DISCUSSION
Arterial puncture and arteriovenous fistula, as reported in our case, are recognised complications of internal jugular vein cannulation 1 . The incidence of these complications, along with haematoma, pneumothorax, haemothorax and nerve injuries, as well as technical failure, are reported to be higher in the landmark method, where anatomical landmarks on the skin surface are used to guide CVC placement [2] [3] [4] [5] . Along with the complications induced by the inadvertent arterial puncture from the cannulation, additional morbidity is implicated when the arterial puncture is unrecognised and substances, such as propofol in our case, are subsequently infused into the arterial system. To our knowledge this is the first reported case of an infusion of intra-aortic propofol after the missed inadvertent puncture and placement of a CVC into the carotid artery.
With increasing evidence supporting the reduction of CVC complications, both the United States and the United Kingdom have clinical guidelines that recommend the use of real-time ultrasound scanning for CVC placement 1,6 . This recommendation, however, has not yet been integrated into the current Australian and New Zealand Intensive Care Society guideline for central line insertion and maintenance 7 . In our opinion, the benefits of realtime ultrasonographic guidance warrant its inclusion into the current Australian clinical guidelines for the safe CVC placement.
Although evidence has shown that real-time, twodimensional US guidance is safer and is now widely adopted over the traditional landmark method, the risks of an inadvertent arterial puncture still exist, as demonstrated in our case. The exact mechanism of how the arterial puncture occurred in our case remains unknown. However, we have identified the steps during a CVC placement in which an arterial puncture could have occurred. The measures and considerations corresponding to each step, which may prevent future inadvertent arterial puncture associated with CVC placements, are summarised in Table 1 .
While the ultrasound-guided technique has superiority over the landmark method in the initial • It is pertinent to re-check that the needle did not advance beyond the targeted vessel and that the guide-wire was fed through the lumen of the targeted vessel before dilating the vessel. • A SAX view at the level of insertion showing that the guide-wire is in the lumen of the IJV is not sufficient to ensure that an oblique through-and-through puncture of an adjacent structure is absent distally.
Vessel dilation •
Anchor the guide-wire appropriately. • Avoid withdrawing the guide-wire accidentally during the introduction and removal of each dilator.
• CVC malposition could be due to inadvertent withdrawal of the guide-wire into the dilator and insertion of the dilator through posterior wall of the vein into the artery. • It is pertinent to re-check that the guide-wire remains within the lumen of vein after vessel dilatation. Employ at least two safety methods to ensure the correct venous CVC placement, especially before starting an infusion. These include blood colour or backflow pulsatility, transduction of central pressure waveform, arterial blood gas analysis confirmation, and US confirmation of both the absence of the catheter in the artery and the presence of the catheter in the vein. •
In the setting of an infusion pump, fluid flowing back into the CVC may indicate arterial CVC placement, as fluid is unlikely to flow against the strong current in arterial blood flow without any assisted external pressure. • Undetected CVP migration even if correctly sited in the vein, can lead to subcutaneous administration of drugs resulting in morbidity and mortality. Monitoring via the proximal port is also a simple method to aid detection of catheter migration through loss of the normal CVP trace 29 .
CVC=central venous catheter, IJV=internal jugular vein, SAX=short axis, LAX=long axis, CVP=central venous pressure.
localisation of the target vein, CVC insertion is a multi-stepped procedure during which certain steps are performed without direct ultrasound guidance. As reported in our case, despite the use of realtime US to confirm normal venous anatomy and the correct needle insertion site and the fact that the final position of the guide-wire was situated in the internal jugular vein, the CVC was nevertheless inadvertently passed through the internal jugular vein into the carotid artery. We identified two potential scenarios that may have led to this complication. Firstly, although the correct location of the guide-wire was confirmed with US on an isolated short axis view, an oblique through-and-through venous puncture was not excluded. This may have been prevented with the use of a long axis view, confirming the correct wire placement at least 5 cm distal to the insertion site. Secondly, it was possible that during the insertion of the dilator, the guide-wire may have accidentally been withdrawn, allowing the dilator to penetrate the posterior wall of the vein followed by re-advancement of the wire into an incorrect space. Secure anchoring of the guide-wire to prevent its withdrawal may have prevented this complication. In addition to employing the safe techniques and preventative measures described in Table 1 , the experience and training of the clinician in the use of US are paramount, given the high level of psychomotor and cognitive demand 1 . To appropriately use real-time US guidance in CVC placement, a clinician is required to simultaneously, 1) manipulate the ultrasound probe to obtain an optimal image, 2) interpret the image and 3) accurately insert the catheter into the targeted vessel. Adequate training and understanding of the use of real-time ultrasonography should be regarded as a key preventative measure for inadvertent arterial puncture in a CVC placement. Our case highlights potential steps during which this iatrogenic injury could have occurred despite the use of real-time US guidance. Although the CVC was aspirated with what was thought to be venous blood in our case, this incorrect assumption was the cause of failure to detect inadvertent arterial cannulation. Observation of the colour of the blood from the catheter is clearly unreliable as a sign of correct positioning of the CVC. Reliable tests of inadvertent intra-arterial cannulation or catheterisation include the presence of an arterial wave on the transducer or arterial blood gas values for pH, pCO 2 and pO 2 and the US visualisation of the guide-wire or catheter in the artery. However, none of these steps were performed in this case. While bright red colour and pulsatile back-flow blood from the CVC raises suspicion of arterial CVC placement, the absence of these signs is not sufficient to exclude arterial cannulation. These findings must be interpreted in addition to more reliable tests such as transduction of the CVC, US and blood gas analysis. Especially where the syringe is not disconnected from the needle on insertion of the guide-wire to allow for visualisation of back-flow of blood from the CVC (as was performed in this case), CVC transduction should be mandatory to confirm non-arterial pressures. CVC transduction is a reliable, cost-effective and readily accessible method, especially in an operating theatre environment. We now recommend that at least two safety methods be employed to ensure the venous placement of a CVC before starting an infusion. These methods include observation of arterial blood colour or back-flow pulsatility, transduction of central pressure waveform, arterial blood gas analysis confirmation if required and US demonstrating both the absence of the catheter in the artery and the presence of the catheter in the vein. As described in our case, the 1% propofol was infused at a rate of 150 mg/hour immediately after the CVC placement. A higher degree of suspicion of an inadvertent CVC placement must be exercised when an infusion pump is used for the delivery of drugs through the CVC, as blood or fluid flowing back into the CVC is another sign that may indicate an incorrect arterial CVC placement, although this was not observed in this case. Finally, adequate supervision and vigilance from an experienced anaesthetist is of paramount importance, even if an advanced trainee performs CVC placement. Close supervision and provision of stepwise guidance, in addition to further cross-checks described above might have prevented the inadvertent CVC cannulation altogether or could have allowed the arterial puncture to be recognised earlier, before the propofol infusion commenced.
In the event of known iatrogenic arterial puncture, appropriate actions are critical to ensure that the injury is optimally managed. In our case, the CVC was left in the common carotid artery until the end of the operation, where it was then carefully pulled out with gentle traction followed by 20 minutes of local compression to achieve haemostasis. This pull and pressure approach to manage a large bore carotid injury was realised retrospectively to be associated with higher complication rate and an immediate stroke risk of about 5.6%, irrespective of the results in a carotid duplex study 8 . An embolic event resulting from the suboptimal management of the carotid injury could have led to our patient's neurological sequelae. During the first postoperative day, the patient demonstrated bilateral proximal upper limb weakness and no lower limb movement. The combination of haemodynamic compromise and embolism is likely to have contributed to the cerebral ischaemia and subsequent infarction in our patient, particularly with the presence of multi-focal cerebellar and cerebral cortical and internal watershed infarcts, as suggested by her magnetic resonance imaging results ( Figure  1) . Suboptimal cerebral blood flow and embolism are believed to augment the adverse effects of each other, regardless of their chronology 9, 10 . Embolism may further exacerbate any pre-existing reduction of cerebral blood supply and impaired cerebral perfusion can reduce the clearance of small emboli, thereby promoting blood stasis, compounding the consequences of embolism. To reduce the sequelae of an iatrogenic carotid injury, for either small or large bore needle puncture or cannulation, a proposed algorithm, modified from Guilbert et al 8 and Abi-Jaoudeh et al 11 , is outlined in Figure 2 . Thromboembolism from the arterial puncture also may have contributed to our patient's neurological sequelae. Other potential sources of embolism in this case include air emboli or thromboemboli from the tip of the CVC in any intra-arterial infusion, fat emboli specifically from the intra-arterial propofol injection, thromboembolism from the aortic crossclamping during the coronary artery bypass grafting 12 or decalcification of the aortic valve and root. We speculate that fat embolism from the intra-aortic propofol injection was a significant contributing factor in the patient's brain injury, although we administered only about 200 mg over 90 minutes, so the propofol would have been very diluted. Both animal studies and human literature have reported benign and self-limiting symptomatology and vascular effects from intra-arterial propofol [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . However, two case studies have reported hemiplegia and seizure with inadvertent intra-carotid infusion of an intravenous fat emulsion 23, 24 , which is what lipophilic propofol is suspended in to allow intravenous administration 25 . Similar to physiological fat metabolism, the remaining fat emulsion in propofol is metabolised by lipoprotein lipase, the activity of which can be suppressed by the increased free phospholipids, large particle size and a high infusion rate 26 . Considering a total of 20 ml propofol was infused intra-aortically via the misplaced CVC for approximately 90 minutes, the sudden rise in intra-arterial lipid level from the fat emulsion could have over-saturated the available lipoprotein lipase, leaving the unhydrolysed lipid globules as a source of fat emboli for the cerebral and cerebellar infarcts.
INADVERTENT CANNULATION OF THE CAROTID ARTERY
The case described is of an 82-year-old female who sustained neurological complications following the inadvertent intra-aortic CVC placement during an elective aortic valve replacement and coronary artery bypass grafting. This complication occurred despite using real-time, two-dimensional US guidance during the CVC insertion. A step-by-step procedural analysis found that additional ultrasound proficiency, the anticipation of potential risks of puncture at various steps, application of appropriate precautions and direct supervision may have ensured correct CVC insertion. Furthermore, confirmation of correct CVC placement using a transducer, arterial blood gas analysis or imaging should be performed prior to drug infusion. In the setting of iatrogenic carotid injury, optimal management is vital in minimising any associated complications. Although thromboembolism from the pull and pressure approach to address the inadvertent carotid puncture in our case could be a major contributing event to our patient's multiple cerebellar and cerebral watershed infarcts, we propose that fat embolism from the inadvertent intra-aortic propofol was another possible cause of her neurological sequelae. We now advocate that a CVC 'time out' outlining the safety checks described above be performed after CVC placement. This is of paramount importance if drugs are to be infused using an infusion pump through the catheter.
